The aim of the study was to evaluate the effects of 0.9% NaCl and other solutions suitable for peritoneal lavage on in vitro viability and fibrinolytic activity of human peritoneal mesothelial cells. Material and methods. Mesothelial cells were isolated from the intra-operatively collected greater omentum specimens and then cultured. Subsequently, eight cultures (n=8) were incubated for six hours with M199 culture medium (control group) or culture medium with the addition of 0.9% NaCl, PD fluid Gambrosol-Trio 10 or Hanks' solution. Immediately after exposure to the studied solutions, the amount of LDH released by the cultured cells was determined. Then, cultured cells were incubated for the next 24 hours; after this period their metabolism and fibrinolytic activity were determined by means of IL-6, t-PA and PAI-1 levels. Levels of these substances were compared to the amount of total cellular protein that was determined simultaneously. Results. Hanks' solution showed no significant influence on cellular culture architecture and mesothelium metabolism. PD fluid Gambrosol-Trio 10 damaged mesothelial cell structure and function as manifested by an increased release of LDH and enhanced t-PA synthesis, as well as decreased production of IL-6 and PAI-1. Exposure to 0.9% NaCl solution was found to cause a disturbance in cellular adhesion without significant structural damage (marked changes in cellular morphology without increased LDH release) and significant metabolism impairment as presented by reduced production of t-PA, IL-6 and PAI-1. Conclusions. Saline solution and PD fluids should not be used for peritoneal lavage. Further investigations are required to identify the least harmful solution for mesothelial cells suitable for application in intra-operative peritoneal lavage.
Peritoneal mesothelial cells, which line the abdominal walls and intraperitoneal organs, demonstrate a high metabolic activity and take part in inflammatory reactions following peritoneal injury (through the production of proinflammatory cytokines such as interleukin 6 (IL-6)); they also induce the formation of fibrin deposits due to their procoagulant activity. Peritoneal mesothelial cells also participate in fibrinolytic processes, producing both fibrinolysis activating (tissue plasminogen activator (t-PA) and urokinase plasminogen activator (u-PA)) and fibrinolysis inhibiting factors (plasminogen activator inhibitors (PAI-1 and PAI-2)). Peritoneal fibrinolytic activity is the most important mechanism preventing the formation of adhesions; in animal models, increased synthesis of t-PA was observed in response to fibrin deposition (1) , and t-PA was shown to exert 95% of the peritoneal plasminogen activator activity (2) . Peritoneal fibrinolytic activity is derived from two sources, mesothelial 541 Effects of peritoneal lavage solutions on the morphology and function of in vitro mesothelial cells cells and vascular endothelium (3), of which mesothelium plays a particular role in the production of fibrinolysis activators (4) .
There are factors involved in both fibrinogenic and fibrinolytic systems, such as kallikrein, tissue thromboplastin and high-molecular-weight kininogen; they are responsible for balance between these two antagonistic systems. Consequently, they take part in maintaining balance between the production and degradation of fibrin, as well as the formation and resorption of intraperitoneal adhesions (5) . Imbalance between fibrinogenesis and fibrinolysis, in favor of the former, predisposes to the development of permanent adhesions. Inadequate peritoneal fibrinolysis may be caused by decreased t-PA or increased PAI-1 and PAI-2 (6).
Abdominal surgical interventions cause mechanical injury to the peritoneal mesothelium and also compromise its physiological function, which may lead to disproportion between production and degradation of fibrin, thus leading to the formation of peritoneal adhesions (6) . Many things may influence postsurgical mesothelium activity, such as extension of the incision and other types of mechanical injuries (initial incision, coagulation, tissue drying, presence of sutures and other foreign bodies); also, the peritoneal lavage solution used during surgery plays a role in mesothelial activity.
Peritoneal lavage during abdominal surgery allows for the removal of excess residual secretions, tissue debris and deposits that develop due to inflammatory, mainly purulent, process. The following solutions are routinely used: 0.9% NaCl, Ringer's solutions and electrolyte solution. So far there has been no agreement upon which solution is the most neutral for the peritoneum. Another relevant issue is whether 0.9% NaCl solution is neutral enough to be used as a control solution for other studied substances in experiments involving the culture of mesothelial and animal cells (which is a common practice) (7) .
The aim of the study was to evaluate the effect of 0.9% NaCl and other solutions suitable for possible or common use for peritoneal lavage on in vitro viability and fibrinolytic capacity of human peritoneal mesothelial cells.
MATERIAL AND METHODS
Experiments were carried out in human mesothelial cell cultures. The cells came from the fragments of greater omentum sampled during abdominal surgeries performed at the Department of General and Vascular Surgery of Medical University in Poznan, and were isolated according to the technique described previously by other authors (2) . Tissue samples from a total of 8 surgical patients were used in this experimental study (n=8).
Approval of the Bioethics Committee was gained for this entire protocol. Each time, patients were informed of the fact and purpose of the additional tissue fragment collection during the surgery and they signed an informed consent form prior to this procedure.
Cellular cultures were bred and further investigated at the Department of Pathophysiology of Medical University in Poznan. Peritoneal mesothelial cells were cultured in M199 medium (Sigma Aldrich, USA) with the addition of 10% bovine serum (Life Science Technologies, GIBCO, Germany) at 37°C and 5% CO 2 . Initially, they were cultured in culture bottles; they were then transferred to 24-well plates. Experiments were performed following cellular monolayer formation on the bottom of the wells.
Human peritoneal mesothelial cells were incubated for six hours with the addition either 0.9% saline solution, Hanks' electrolyte solution (used e.g. for tissue transfer), peritoneal dialysis (PD) fluid Gambrosol-Trio 10 or M199 culture medium (which was used as a control for the other solutions).
Prior to and after the experiment, light microscope pictures of the cultures were taken. Six hours after the addition of the solutions, samples were drawn up from each well and tested for lactate dehydrogenase activity (LDH) by means of enzymatic assays, as LDH is a marker of cell degradation. After the completion of the experiment, the cells were further incubated for 24 hours with M199 medium. Subsequent to this period, supernatant was collected and frozen at -80°C for further analyses. Afterward, cell lysis was performed in distilled water and the lysate was then frozen at -80°C. The collected supernatant was used for the measurement of tissue plasminogen activator (t-PA), plasminogen activator inhibitor (PAI-1), and interleukin 6 (IL-6) activities. The activity of these substances was expressed as milligram per total cellular protein as determined in the mesothelium cell lysate. 
Statistical analysis
The results were presented as means±stan-dard deviation. Statistical analysis was performed using Instat GraphPad v 3.06 software and two nonparametric tests: Wilcoxon test for paired data and analysis of variance (ANOVA) with the Kruskal-Wallis test. The results were found statistically significant if p<0.05.
RESULTS
Microscopic pictures of cells incubated with the control solution, Hanks' solution and PD fluid Gambrosol-Trio 10 did not change after the 6-hour exposure; however, cells incubated with 0.9% NaCl solution showed clear morphological changes, including exfoliation from the well surface, reduced volume and packet formation.
Despite major changes in the morphology of mesothelial cell cultures incubated with saline solution, no significant increase in LDH levels was observed in this group ( fig. 1 ). Considerable LDH increase as compared to the control solution was only seen for PD fluid (23.27±10.69 vs 12.81±4.83 mU/ml).
There was also a significant reduction in the t-PA level observed in saline solution-added cultures (417.58±241.17 vs 971.17±321.01 pg/ µg of total cell protein) ( fig. 2 ). In addition, a statistically significant reduction in IL-6 production as compared to the control group was recorded (3558.29±944.56 pg/µg of total cell protein) in cells exposed to NaCl solution (1460.73±533.25; p<0.01) and PD fluid (2021.94±576.15; p<0.05) ( fig. 3) . A similar decrease in relation to the control group (1.74±0.41 ng/mg of total cell protein) was seen for PAI-1 production in cells incubated with NaCl solution (0.54±0.2; p<0.01) and PD fluid (0.96±0.44; p<0.05) (fig. 4) .
It was proven that mesothelial cells incubated with Hanks' electrolyte solution show metabolic activity patterns most approximate to control cells. Increases in PAI-1 levels observed in this group (2.52±0.55 ng/mg of total cell protein) compared to control culture failed to reach statistical significance.
DISCUSSION
Peritoneal cleaning and lavage during surgery provide for the removal of built up biological debris, bacteria and toxins. Lavage is thus a potentially beneficial procedure; however, despite its common use there is still no clear Fig. 3 . IL-6 concentration after 6-hour exposure Fig. 4 . PAI-1 concentration after 6-hour exposure and convincing evidence concerning the effectiveness and safety of electrolyte and antiseptic solutions used for peritoneal lavage (8) . On the other hand, the procedure may compromise structure and function of the peritoneum. Intra-operative lavage may decrease the bacterial count in the abdominal cavity, and may remove blood, bile and exsudative residua.
However, the applied solutions may induce inflammation and contribute to the formation and preservation of post-surgical adhesions (9) . Early studies on this issue proved that use of peritoneal lavage was associated with a greater incidence of adhesions than in cases without lavage, and this was repetitively observed with various fluids (10, 11) . Peritoneal reactions to injected substances, including different solutions, have not been thoroughly investigated. It seems that these reactions depend on a number of variables characterizing the substance: pH, temperature, osmolality, electrostatic charge, volume and exposure time (including peritoneal absorption ratio). One of the most important reports on peritoneal lavage showed a relationship between the number of adhesions and the temperature of the lavage fluid. Kappas showed that irrigation fluids at a temperature above the physiological level (37°C) encouraged adhesion formation following peritoneal lavage in rats (12) . It was also demonstrated that adhesions were absorbed within the initial 12 weeks post surgery when a lavage solution at 30-40°C was used, whereas adhesions formed after irrigation with fluids at above 40°C persisted and did not disappear within this period.
Early studies on the influence of various solutions on mesothelial cell culture assessed only cell viability, without addressing the entire complexity of the harmful effects on mesothelial metabolism. In the presented study we attempted to evaluate not only morphological changes and cell viability, but also potential impairment of their metabolism.
Experimental use of 0.9% NaCl solution caused disturbances of surface and intercellular adhesion without a significant increase of LDH, a marker of cellular degradation. Analysis of other studied biochemical parameters showed extensive functional damage of cells with respect to both their ability to induce insignificant inflammatory reactions (decreased IL-6 production) as well as their fibrinolytic capacity (lower t-PA and PAI-1 levels). Reports supporting a disturbance of mesothelial cell viability and fibrinolytic capacity after intra-operative peritoneal lavage using a 0.9% saline solution have recently been published (13) . Other investigators announced that 0.9% NaCl solution influences not only mesothelial morphology and metabolism but also cellular components of PD fluid. It has been shown in rats that continuous peritoneal lavage for as short as ten minutes with this solution resulted in lower total cell counts and a higher percentage of neutrocytes in the peritoneal fluid, at the expense of macrophages, lymphocytes and mastocytes. This may in itself influence peritoneal reactivity and its protective functions (14) .
In the light of these results, the weak spot of many studies on peritoneal lavage is use of 0.9% saline as a control fluid for other tested substances (7, 15, 16) . Many investigators and clinicians simply denote this solution as a standard fluid for lavage of inflamed peritoneal cavities (17), and there is still no convincing evidence concerning the biocompatibility of this peritoneal lavage solution.
PD fluid Gambrosol-Trio 10 was another solution tested in our study, as dialysis fluids may seem optimal for peritoneal lavage. However, several essential reasons make this untrue. Dialysis fluids are not physiological fluids due to their low pH (5.2-5.5), high glucose levels (1.5-4.25%), and hyperosmolarity (18, 19). So far, available PD fluids contained lactates, which highly contributes to their bioincompatibility and accounts for their low pH. A new generation fluids are buffered with sodium bicarbonate and lactate to physiological pH of 7.4, which favorably affects mesothelium viability and function (20). Gambrosol-Trio 10 used in this study is one of the old generation PD fluids that contains only lactate. Indeed, no significant damage to the morphology of cellular culture was observed microscopically, but markedly increased LDH release and decreased IL-6 synthesis were noted, which represent some damage to their structure and impairment of unspecific reactivity.
So far, a few conducted studies brought up the use of Hanks' solution as a potential peritoneal lavage fluid. In one of those few experimental studies, the formation of adhesions was compared in rats following repetitive exposure of the peritoneum with a previously injured mesothelial layer to Hanks' solution, as well as 4.25% glucose and 7.5% icodextrin solutions. Occurrence of adhesions after exposure to Hanks' solution was similar to the control group (without lavage) and significantly different than the number of adhesions formed after experimental use of highly osmotic glucose and icodextrin solutions (21). This study has also demonstrated that the mesothelial layer formed after peritoneal injury had only a slightly lower density of mesothelial cells, whereas lavage with the above-mentioned osmotic solution induced repair with connective tissue. Also, our study found Hanks' solution a neutral fluid that affected the structure and metabolism of the mesothelium similar to the control agent. Reports regarding favorable effects of Hanks' fluid on peritoneal cells initiated its use as a control solution for other fluids tested (22). However, it is rather limited to laboratory purposes, as relatively high costs limit its use in everyday clinical practice.
Peritoneal lavage is a routine procedure and the irrigation fluid used should be an isoosmotic solution of physiological pH and have a minimal impact on structure and metabolism of mesothelial cells. The absorption ratio of the solution is less important due to the short time of peritoneal contact limited by the lavage duration; therefore, crystalloids may be used. According to our analyses, the characteristics of Hanks' solution are the most optimal of the solutions tested. Routine daily use in general surgical procedures calls for a solution which does not impact the peritoneum and could replace the commonly used 0.9% saline solution or, also permissible, peritoneal dialysis fluids. Further investigations are required to establish the suitability of lactated Ringer's solution or multi-electrolyte solution. 
